INTRODUCTION
CHANGES which initiate anatomical and physiological differentiation during development also affect chromosomes, whose form and behaviour in consequence may vary between cells of different tissues. A familiar and extreme example is the difference between the chromosomes of the salivary gland cells and those, a hundred times smaller, of nerve ganglion cells in Drosophila larvae. Differences may sometimes be detected also between component cells within tissues. Thus in the nurse cells of Drosophila ovaries a proportion of cell nuclei are polyploid, the remainder diploid (Hertwig, Chromosome variation therefore provides an additional and useful means for investigating the patterns of cell variation arising during development, especially within tissues where the differences in cell anatomy and physiological activity are otherwise difficult or impossible to detect. In the following account two characters, chiasma frequency and the timing sequence of cell divisions, are investigated at meiosis in the pollen mother cell (p.m.c.) tissue of rye anthers. The aim was, first, to determine whether definite patterns of variation for the characters could be distinguished within the anthers and, second, to inquire into the relations between them.
CHIASMA FREQUENCY (I) Method
To determine the variation along its length each anther was cut transversely into four equal sections-numbered r to 4 from base to tip. Where metaphases were available in all sections the chiasma frequency was then scored from a sample of cells in each. The plants used were from five inbred, homozygous, lines (see previous papers, e.g. Rees, 1955) and F, hybrids between them.
(ii) The results Table x gives the chiasma frequencies per section in one anther from each of 14 inbred plants and 12 F, hybrids. The results for each genotype are represented also in fig. i .
In this graph a definite pattern of variation within the anther is indicated, the chiasma frequency tending to decrease from one end to the other.
A more detailed analysis of the data was desirable and this was achieved by fitting polynomial regressions. In the analysis of variance 3. There is no significant heterogeneity for the linear regression between inbred or outbred genotypes. Within genotypes however it will be observed that the heterogeneity between plants is significantly SECT I ON larger for inbred than for F1 families. Since plants within families are genetically identical it must be concluded that the pattern of developmental variation in the inbred, homozygous, individuals is less uniform, less consistent, than in the heterozygotes (cf. Rees and Thompson, 1956 Further evidence for this additional variation comes from the analysis itself. The mean squares for heterogeneity within inbred and F1 families for both the quadratic and cubic components are significantly Having established a definite distribution pattern for chiasma frequency within anthers it is worthwhile now inquiring, as far as possible, how, during development, it originates. In Allium Darlington and Haque (1955) have demonstrated that localised abnormal chromosome behaviour, including failure of metaphase pairing, is associated with abnormal 4yschronisation in the division of p.m.c. In view of this it was worthwhile inquiring whether "normal" differences in the tiinmg of cell divisions can be correlated with the developmental variation in chiasma frequency. In the next section therefore, data are considered with regard to the timing of cell divisions in the four sections of the anther.
THE TIMING OF MEIOSIS
To begin with the problem was to determine whether or not divisions in the four sections were synchronised. Data for this purpose were available for six anthers of a P12 plant (P124) must, of course, be borne in mind that a difference in M.I. does not necessarily imply that p.m.c. proceed through prophase to metaphase at different rates; rather that they may do so at different times. By means of this arbitrary time scale we can now inquire in some detail into the sequence of meiotic divisions in different regions of the M.I.s, where cells at first metaphase will be amongst the first to reach that stage, will be less advanced in division than those with high M.I.s, where most cells will have already progressed beyond metaphase. It anther. It will be immediately apparent from the table that timing is variable between sections. It will be seen furthermore that the variadon in timing is consistent between anthers; 2 is the most advanced, 4 the least and r and 3 are intermediate. The general pattern is illustrated in fig. 2 . The analysis confirms the relation between the timing of meiosis in p.m.c. and their distribution.
It shows too that while the basal region is in general more advanced than the tip the timing gradient is not a simple, that is a linear, function of distance-as indeed the graph indicates.
One notes in relation to the above that the vascular system of the anther ( fig. 3) is such that the probable order of supply of nutrients and other substances to the sections is 2, i and 3, 4-the order of increasing distance from the point of entry of the vascular bundle. It is not unreasonable to suppose therefore that stimulation causing the onset of meiosis, being in the same section order, is provided by a substance diffusing inwards along the vascular strand. Such a substance would not necessarily act immediately but perhaps, through the medium of the cytoplasm, over a period of one or more cell generations.
It has now been established that both in the Fin. 3.-The vascular supply to a rye anther.
timing of their meiosis and in the frequency of chiasmata which they form during meiosis the p.m.c. vary in quite well defined developmental patterns within the anthers. In the following section we shall consider whether there is evidence for a causal relation between the two.
TIMING AND CHIASMA FREQUENCY
The average chiasma frequency distribution in P124 (see fig. 4 Anthers. In graph a the total chiasmata scored in each P124
anther is plotted against the total M.I. of each. Transformation of the data with the aid of logs straightens this curve (5b) and permits a The correlation between timing and chiasma frequency is, of course, exactly what would be expected on the basis of the precocity theory, (Darlington, 1940) . While compatible with this theory the evidence however is not entirely conclusive because, as mentioned earlier, it is not known whether the chromosomes in p.m.c. at metaphase at different times proceed through meiosis, particularly chromosome pairing, at different rates. While such a relation is not ruled out it is clear from a comparison of graphs 3 and 4 that the chiasma frequency variation between sections within an anther is by no means directly or completely dependent on timing. In these graphs it will be seen that the high and low P124 chiasma frequencies do not correspond with the low and high M.I.s for sections. Another cause of chiasma frequency variation between sections is indicated.
A clue to one additional factor controlling the chiasma frequency variation between sections is provided by a straightforward analysis of variance of the chiasma frequencies in P124 (table 6 ). It will be seen that the mean square for variation between sections is 4I times greater than the mean square for variation between anthers. While not significant at the 5 per cent, level (P=o. i -O .05) the much smaller variation between anthers, as compared with that within, suggests a limit to the number of chiasmata per anther and, further, the possibility of competition for chiasmata between sections. Competition for chiasmata within cells is, of course, well established by earlier work (e.g. Mather, 1936) . Note alternation of chiasma frequencies in relation to timing.
each anther separately. It will be observed that the chiasmata/M.I.
curves are characteristically " zig-zag ". The chiasma frequencies alternate or, rather, are compensating between successive sections. The compensation it will be observed relates to the distribution of sections with respect to their timing succession, not directly to their spatial distribution. Thus when the chiasma frequencies of the first two sections to divide are high and low respectively that of the third will be high, the fourth low; or alternatively the sequence may be low, high, low, high. It will be recalled that substances were inferred to diffuse into the anther in order of sections 2, I and 3, 4. Given that a substance limiting chiasma frequency and itself of limited amount is supplied to sections in this order the compensation effect can be explained where excessive absorption by one region curtails the supply to the next and vice versa. Whether timing and chiasma frequency are influenced by the same substance or by different substances acting independently cannot be established by the present data.
SUMMARY AND CONCLUSIONS
Differences in chromosome behaviour between cells are shown to be a useful index of the developmental variation occurring within a tissue. For two characters investigated in rye p.m.c., namely chiasma frequency and the timing sequence of meiotic divisions, well defined patterns of variation are demonstrated within anthers. Variation in both characters is probably influenced by the system of distribution of nutrient or other substances to the anther during its development.
The pattern of developmental variation in chiasma frequency is more consistent in anthers of heterozygous than homozygous plants.
Timing and chiasma frequency are related ; p.m.c. reaching metaphase early have higher chiasma frequencies than those at metaphase later.
Another factor affecting chiasma frequency variation within an anther is competition for chiasmata between different regions.
